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doi:10.1016/j.jtcvs.2005.11.007ackground: Aortic root replacement after a previous operation on the aortic valve,
ortic root, or ascending aorta remains a major challenge.
ethods: Records of 56 consecutive patients (44 men; mean age, 56.4 13.6 years)
ndergoing reoperative aortic root replacement between June 1994 and June 2005
ere reviewed retrospectively.
esults: Reoperation was performed 9.4 6.7 years after the last cardiac operation.
ndications for reoperation were true aneurysm (n  14 [25%]), false aneurysm
n  10 [18%]), dissection or redissection (n 9 [16%]), structural or nonstructural
alve dysfunction (n  10 [18%]), prosthetic valve-graft infection (n  12 [21%]),
nd miscellaneous (n 1 [2%]). Procedures performed were aortic root replacement
n  47 [84%]), aortic root replacement plus mitral valve procedure (n  5 [9%]),
nd aortic root replacement plus arch replacement (n  4 [7%]). In 14 (25%)
atients coronary artery bypass grafting had to be performed unexpectedly during
he same procedure or immediately after the procedure to re-establish coronary
erfusion. Hospital mortality reached 17.9% (n  10). Multivariate logistic regres-
ion analysis revealed the need for unplanned perioperative coronary artery bypass
rafting as the sole independent risk factor for hospital death (P  .005). Actuarial
urvival was 83.8%  4.9% at 1 month, 73.0%  6.3% at 1 year, and 65.7% 
.0% at 5 years after the operation. One patient had recurrence of endocarditis 6.7
onths after the operation and required repeated homograft aortic root replacement.
onclusion: Reoperative aortic root replacement remains associated with a high
ostoperative mortality. The need to perform unplanned coronary artery bypass
rafting during reoperative aortic root replacement is a major risk factor for hospital
eath. The optimal technique for coronary reconstruction in this setting remains to
e debated.
n 1968, Bentall and De Bono described a technique for total aortic root
replacement (ARR) using a composite tubular graft containing a prosthetic
valve. In their original technique coronary reimplantation was performed with-
ut ostia mobilization by means of direct side-to-end anastomosis. Although this
echnique reduced the risk of recurrent proximal aortic aneurysms, it exposed the
atient to serious bleeding complications and the development of pseudoaneurysms
t the level of the reimplanted coronary ostia. During the last 3 decades, several
echnical improvements, the development of new aortic root substitutes, and the use
f biologic adjuncts, such as surgical glues and hemostatic drugs, have rendered
otal ARR a safe and reproducible procedure.1 Although this procedure yields
xcellent results when performed as a primary procedure,2 it remains a major
hallenge when performed after previous cardiac surgery, aortic surgery, or both.
ndeed, reoperative ARR combines the odds of sternal re-entry with those of
oronary artery ostia mobilization and reimplantation.
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A
CDThe purpose of the present study was to analyze our
xperience with ARR after previous surgical intervention on
he aortic valve, aortic root, or ascending aorta during the
ast 12 years.
atients and Methods
atient Selection
etween June 1, 1994, and June 1, 2005, 273 consecutive patients
nderwent ARR with the modified button technique at Henri
ondor University Hospital, Créteil, France. Among these, 56
21%) patients had at least 1 previous aortic operation, which was
efined as any procedure involving the aortic valve, aortic root,
nd/or tubular ascending aorta. Patients who underwent ARR after
cardiac operation that did not directly involve one of these
tructures were excluded from analysis. Eighteen (32%) patients
ere operated on during the first half of the study period (1994-
999), and 38 (68%) patients have been operated on since 2000.
ABLE 1. Patient-, cardiac-, and operation-related factors
elevant to the EuroSCORE
ariable No. of patients (%)
atient-related factors
Mean age (range) 56.4 13.6 (26-82)
Sex, M/F 44/12 (78.6/21.4)
Chronic pulmonary disease 1 (1.8)
Extracardiac arteriopathy 1 (1.8)
Neurologic dysfunction 3 (5.4)
Preoperative renal failure 1 (1.8)
Active endocarditis 10 (17.9)
Critical preoperative state 4 (7.1)
ardiac-related factors
Unstable angina 1 (1.8)
LV dysfunction
Moderate (EF 30%-50%) 9 (16.1)
Poor (EF 30%) 3 (5.4)
Recent MI (90 d) 1 (1.8)
Pulmonary hypertension (SPAP
60 mm Hg)
3 (5.4)
peration-related factors
Emergency 9 (16.1)
uroSCORE
Mean (range) 10.9 2.9 (8-19)
EuroSCORE 8 and 10 31 (55.4)
EuroSCORE 10 25 (44.6)
V, Left ventricular; MI, myocardial infarction; EF, ejection fraction;
Abbreviations and Acronyms
ARR  aortic root replacement
CABG coronary artery bypass grafting
CPB  cardiopulmonary bypass
ICU  intensive care unitPAP, systolic pulmonary artery pressure. a
02 The Journal of Thoracic and Cardiovascular Surgery ● MarcThe mean patient age was 56.4  13.6 years (range, 26-82
ears). There were 44 (78.6%) male and 12 (21.4%) female pa-
ients. Other patient-, cardiac-, and operation-related factors rele-
ant to the EuroSCORE3 are listed in Table 1.
rior Operations Performed on the Ascending Aorta
he most recent procedure performed on the aortic valve, aortic
oot, or ascending aorta are listed in Table 2. Prior cardiac proce-
ures performed on structures other than the aortic valve, aortic
oot, or tubular ascending aorta are not shown.
ndex Reoperation
he index reoperation was performed at a mean interval of 9.4 
.7 years (range, 0.04-26.1 years) after the latest aortic operation.
he index reoperation was the second cardiac operation performed
uring cardiopulmonary bypass (CPB) in 49 (87.5%), the third in
(8.9%), and the fourth in 2 (3.6%) patients. However, it ac-
ABLE 3. Indications for index reoperation
ndication n (%)
ortic
Degenerative AAA 14 (25)
False aneurysm 10 (17.9)
Redissection 5 (8.9)
Postoperative dissection 4 (7.1)
alvular
Bioprosthetic SVD 1 (1.8)
Bioprosthetic SVD  degenerative AAA 6 (10.7)
Non-SVD 3 (5.4)
AI after aortic root remodeling (Yacoub) 1 (1.8)
nfectious
Prosthetic valve endocarditis 9 (16.1)*
Prosthetic graft infection 1 (1.8)
Prosthetic valve  graft infection 1 (1.8)
Native valve endocarditis (after AV repair) 1 (1.8)
otal 56 (100)
AA, Ascending aortic aneurysm; SVD, structural valve dysfunction;
I, aortic insufficiency; AV, aortic valve. *Only 7 patients were receiving
ABLE 2. Most recent procedure performed on the aortic
alve, aortic root, and/or tubular ascending aorta
rocedure n (%)
V repair 2 (3.6)
ortic root remodeling (Yacoub) 1 (1.8)
V replacement
Isolated 35 (62.5)
 Supracoronary aortic procedure 4 (7.1)
upracoronary aortic replacement
Isolated 3 (5.4)
 Arch replacement 5 (8.9)
ortic root replacement (Bentall procedure) 6 (10.7)
otal 56 (100)
V, Aortic valve.ntibiotic treatment at the time of the index reoperation.
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A
CDounted for the second sternal re-entry in 47 (83.9%), the third in
(12.5%), and the fourth in 2 (3.6%) patients. Nine (16.1%)
atients required reoperation on an urgent basis, which was defined
s a procedure performed on referral before the beginning of the
ext working day.3
Indications for reoperation were classified as aortic, valvular, or
nfectious and are listed in Table 3. Infection was considered as
ctive if the patient was still receiving antibiotic treatment at the
ime of the operation.3 Thus we could differentiate among 3 patient
ubgroups: (1) patients undergoing reoperation for false aneurysm,
edissection, or postoperative dissection (n  19); (2) patients
ndergoing reoperation for active prosthetic valve infection, graft
nfection, or both (n  10); and (3) patients undergoing reopera-
ion for other reasons (n  25). Respective patient characteristics
re listed in Table 4.
ARR with the modified button technique for coronary reim-
lantation was planned in all patients. Aortic root substitutes
mplanted at reoperation are listed in Table 5. Concomitant pro-
edures performed during reoperation are listed in Table 6. Coro-
ary artery bypass grafting (CABG) was performed during the
ame operation in 14 (25%) patients. The mean number of distal
nastomoses performed was 1.6  0.7 grafts per patient. Seven
atients had 1, 5 patients had 2, and 2 patients had 3 distal
nastomoses. Only saphenous vein grafts were used.
CABG was planned on preoperative coronary angiograms in
nly 1 (1.8%) patient because of significant coronary artery dis-
ase. In the remaining 13 (23.2%) patients, CABG had to be
erformed unexpectedly during the same operation to re-establish
oronary perfusion. One additional patient had to be returned to the
ABLE 4. Patient subgroup analysis according to the indic
ndication
Dissection, redissectio
false aneurysm (n  19
atients
Age 57.2 12.2
EuroSCORE 10.4 3.2
peration
Aortic crossclamp time (min) 199.9 50.9
CPB time (min) 328.9 130.6
Unplanned perioperative CABG 8 (42.1%)
utcome
Postoperative troponin I (ng/mL) 41.5 55.2
ospital death 5 (26.3%)
P  .05 versus “infection” group. †P  .05 versus “infection” and “diss
ABLE 5. Aortic root substitutes implanted at index
eoperation
ubstitute n (%)
omposite graft 43 (76.8)
Bileaflet mechanical valve 12 (21.4)
Tilting-disc mechanical valve 31 (55.4)
ioprosthetic stentless aortic root 11 (19.6)
ortic root homograft 2 (3.6)
otal 56 (100)
m
The Journal of Thoracicperating room immediately after his arrival in the intensive care
nit (ICU) because of right coronary malperfusion and underwent
mergency CABG.
We differentiate among 3 indications to perform unexpected
ABG during the same operation or immediately after (Table 7):
1) technical impossibility to reimplant one or both coronary
uttons (7 patients), (2) evidence of inadequate coronary perfusion
fter aortic crossclamp release (3 patients), (3) or a combination of
oth previous situations (4 patients). In 10 patients coronary button
eimplantation was not feasible because of extensive tissue de-
truction caused by a proximal aortic false aneurysm (n  6,
igure 1), aortic dissection or redissection (n  3), and prosthetic
alve endocarditis (n  1). In one additional patient, the left
oronary ostium appeared significantly obstructed by adherent
seudointimal ingrowth and required resection. Coronary perfu-
ion was achieved through proximal coronary artery ligation with
onventional aortocoronary saphenous vein grafts in 5 patients and
ortocoronary saphenous vein interposition grafts in 6 patients. In
ase of coronary malperfusion occurring after aortic crossclamp
elease, no attempts were made to re-explore and eventually re-
onstruct coronary buttons during repeated cardioplegic arrest to
void additional myocardial ischemia. The respective coronary
rteries were reperfused by performing conventional CABGs.
n for reoperation
Infection (n  12) Other (n  25) P value
47.9 15.4 59.8 12.3* .038
13.1 3.1 10.4 2.1* .013
219.3 58.0 148.3 43.1† .000
333.7 121.0 229.6 96.4† .008
1 (8.3%) 5 (20%) .08
24.9 33.1 30.8 68.1 .80
3 (25.0%) 2 (8.0%) .22
, redissection, false aneurysm” groups.
ABLE 6. Procedures performed at index reoperation
rocedure n (%)
ortic root replacement
Without CABG 38 (67.8)
With CABG* 9 (16.1)
ortic root replacement  MVR/MVP
Without CABG 3 (5.4)
With CABG 2 (3.6)
ortic root replacement  arch
Without CABG 1 (1.8)
With CABG 3 (5.4)
otal 56 (100)
ABG, Coronary artery bypass grafting; MVR/MVP, mitral valve replacement/atio
n,
)itral valve plasty. *Only one preoperatively planned CABG.
and Cardiovascular Surgery ● Volume 131, Number 3 603
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A
CDAll procedures were performed through a median resternotomy.
PB was established after resternotomy in 43 (76.8%) patients. In
hese patients the common femoral artery (23 patients) or the distal
scending aorta or the aortic arch (20 patients) were used for
rterial inflow. Venous return was achieved by means of central
right atrial or bicaval: 23 and 15 patients, respectively) or femo-
ocentral (5 patients) canulation. In the remaining 13 patients, CPB
as instituted before resternotomy and conducted with femoral
rtery inflow and femoral (5 patients) or femorocentral (8 patients)
enous return. Thus only 2 (3.6%) re-entry accidents were ob-
erved in this series. Both occurred at sternotomy and were related
o injury to the ascending aorta or an ascending aortic prosthesis.
he first patient required immediate institution of femorofemoral
ypass, whereas the second was already undergoing peripheral
ypass. In both patients the hemorrhage was successfully con-
rolled, and the procedure could be completed.
Mean CPB time was 286.6  123.3 minutes and was signifi-
antly longer when instituted before resternotomy (381.1  101.2
s 257.4  115.4 minutes, P  .001). CPB was conducted during
oderate systemic hypothermia (lowest esophageal temperature,
6.9°C  5.4°C). Deep hypothermic circulatory arrest was per-
ormed in 8 (14.3%) patients at a mean esophageal temperature of
0.1°C  5.2°C. Myocardial protection was achieved with inter-
ittent anterograde cold crystalloid cardioplegia and topical cool-
ng. The mean aortic crossclamp time was 181.6  57.2 minutes.
ata Collection
ospital records were reviewed retrospectively for patient demo-
raphic characteristics, preoperative status, preoperative comor-
ABLE 7. Coronary problems during reoperative Bentall pr
Perioperative
atient no. Reimplantation not feasible Malperfusion Postopera
1 RCA —
2 RCA —
3 RCA —
4 Left main —
5 Left main —
6 Left main —
7 Left main RCA —
8 — RCA
9 — RCA
10 — — RCA
11 RCA LAD
12 RCA Left main RCA SV i
graft 
SV/Mg
13 Left main RCA SV/LAD 
14 Left main RCA LAD Left main
interpo
SV/LAD
ABG, Coronary artery bypass grafting; RCA, right coronary artery; SV, s
arginal artery; OR, operating room; MS, Main stem: left main.idity, intraoperative course, and postoperative course. Preopera- T
04 The Journal of Thoracic and Cardiovascular Surgery ● Marcive risk factor assessment was performed according to the
efinitions of the EuroSCORE.3
Follow-up information was obtained by means of telephone
nterview of the patient, the patient’s relatives, or the referring
hysician. Questions were asked in regard to cause and date of
eath. Late death was defined as death occurring after hospital
ismissal. Definitions of complications followed the “Guidelines
or reporting morbidity and mortality after cardiac valvular oper-
tions.”4 The total follow-up was 111.5 patient-years, with a mean
ollow-up period of 2.0  2.4 years per patient (range, 0-9.6
ears).
tatistical Analysis
tatistical analysis was performed with SPSS Base 12.0 statistical
oftware (SPSS Inc, Chicago, Ill). Continuous variables were
xpressed as the mean  1 standard deviation and compared by
sing unpaired 2-tailed t tests or 1-way analysis of variance with
he Bonferroni post-hoc correction. Categoric variables were ex-
ressed as percentages and compared with the 2 test. Survival
ata were analyzed with standard Kaplan-Meier actuarial tech-
iques for estimation of survival probabilities.
esults
ospital Morbidity
ostoperative ICU stay averaged 6.8  5.9 days (median,
.0 days), and mean duration of postoperative hospitaliza-
ion in our department was 14.2  8.5 days (median, 12.0
ays). The incidence of various complications is shown in
ure with management and patient outcome (n  14 [25%])
alperfusion CABG Hospital mortality
SV/RCA graft —
RCA SV interposition graft —
RCA SV interposition graft —
SV/LAD and SV/Mg Died in OR
SV/LAD and SV/Mg —
MS SV interposition graft —
SV/LAD and SV/RCA Died early (sepsis)
SV/RCA Died in OR
SV/RCA —
SV/RCA Died early
RCA SV interposition graft 
SV/LAD
—
osition
LAD and
Died in OR
/RCA Died in OR
RCA SV
grafts 
Died in OR
ous vein; LAD, left anterior descending coronary artery; Mg, obtuse leftoced
tive m
—
—
—
—
—
—
—
—
—
nterp
SV/
SV
and
sition
aphenable 8.
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A
CDPostoperative troponin I levels were available for 46
atients. The mean peak troponin I level was 33.0  58.8
g/mL (range, 0.1-284 ng/mL), and 11 patients had a peak
evel of greater than 20 ng/mL. Peak troponin I levels were not
ignificantly different among the 3 patient groups (Table 4).
Four patients required early reoperation. Indications for
arly reoperation included mediastinal bleeding (1 patient),
ericardial effusion (1 patient), and poststernotomy medi-
stinitis (1 patient). The fourth patient had inferior myocar-
ial infarction complicated by cardiogenic shock 7 hours
fter his arrival in the ICU. Despite emergency reperfusion
y performing a saphenous vein to right coronary CABG,
he patient died 24 hours later of cardiogenic shock.
ospital Mortality
ospital mortality reached 17.9% (n  10). Six patients
ied intraoperatively of refractory cardiac failure. Among
hese, 5 patients had required nonplanned CABG to re-
stablish coronary flow (Table 9). Two additional patients
ied in the ICU because of persistent postoperative low
ardiac output. One of these was the previously mentioned
atient who underwent emergency CABG because of right
oronary malperfusion (patient 10, Table 7). Finally, 2
igure 1. Intraoperative view of a patient with Marfan syndrome
ndergoing repeated aortic root replacement. The patient had a
alse aneurysm on the proximal suture line and both coronary
stia. Pledget-reinforced sutures have been placed as horizontal
attress stitches passed from the aortic side through the remain-
ng aortic annulus. The right coronary artery has been extensively
obilized and retracted toward the right atrium for exposure.
ote the complete destruction of the aortic wall button around
he right coronary ostium (white arrow). Black arrowheads indi-
ate the course of the main right coronary with its 2 first
ollaterals.atients died of septic shock related to methicillin-resistant T
The Journal of Thoracictaphylococcus aureus prosthetic valve endocarditis (1 pa-
ient) and poststernotomy mediastinitis (1 patient). Neither
f these patients was amenable to reoperation.
By means of univariate analysis, risk factors for hospital
eath were urgent operation (4/9 [44.4%] patients vs 6/47
12.8%] patients, P  .044), the need for unplanned peri-
perative CABG (7/14 [50%] patients vs 3/42 [7.1%] pa-
ients, P  .001), and longer CPB (389.0  135.4 minutes
s 263.9  109.5 minutes, P  .003) and cardiac ischemic
217.4  56.4 minutes vs 173.7  54.8 minutes, P  .03)
imes. Preoperative active prosthetic valve infection, graft
nfection, or both (n  12) and reoperation for false aneu-
ysm or redissection or postoperative dissection (n  19)
ere not identified as significant risk factors (Table 4).
ultivariate analysis with regression analysis indicated the
eed for unplanned perioperative CABG as the sole inde-
endent risk factor for hospital mortality (P  .005). The
eed for unplanned perioperative CABG was significantly
ore frequent in case of reoperation for false aneurysm,
edissection, or postoperative dissection than for other in-
ications (8/19 [42.1%] patients vs 6/37 [16.2%] patients,
espectively; P  .05).
ate Mortality and Morbidity
even patients died after hospital dismissal. Overall actuar-
al survival was 83.8%  4.9% at 1 month, 73.0%  6.3%
t 1 year, and 65.7%  8.9% at 5 years after the operation.
ABLE 8. Hospital morbidity
omplication n (%)
ardiac
Need for inotropic support 43 (76.8)
Need for vasoconstrictor support 13 (23.2)
Postoperative troponin I level 20 ng/mL 11 (19.6)
Heart block requiring pacemaker 5 (8.9)
Atrial fibrillation-flutter 11 (19.6)
Ventricular tachycardia-fibrillation 4 (7.1)
ascular
Critical leg ischemia 1 (1.8)
ulmonary
Prolonged mechanical ventilation 3 d 15 (26.8)
eurologic
Delirium 3 (5.4)
Transient 1 (1.8)
nfection
Any infection requiring antibiotics 22 (39.3)
Pulmonary infection 9 (16.1)
enal
Renal failure requiring dialysis 3 (5.4)
astrointestinal
Intra-abdominal complication requiring
surgical intervention
2 (3.6)wo patients died after subsequent surgical repair of post-
and Cardiovascular Surgery ● Volume 131, Number 3 605
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6
A
CDissection thoracic and thoracoabdominal aortic aneurysms,
espectively. Two patients died of evolving heart failure.
ne additional patient died suddenly while riding a bi-
ycle, and that patient’s death was therefore considered
ardiac related. Other causes of late death are listed in
able 9.
No cases of structural valvular deterioration and non-
tructural valvular dysfunction were observed during the
tudy period. Similarly, no cases of valve thrombosis were
oted. One patient experienced embolic occlusion of the
entral retinal artery 12 days after the operation without
vidence of prosthetic valve thrombosis. No patient expe-
ienced late bleeding events. One patient had recurrence of
rosthetic valve endocarditis 6.7 months after the operation
nd underwent successful repeated homograft ARR. No
ther patient underwent subsequent reoperation on the aor-
ic valve, aortic root, or tubular ascending aorta.
iscussion
eoperations on the aortic root, ascending aorta, or both are
eing performed with an increasing frequency5 and have
timulated a number of recent reports. However, interpre-
ation of these studies is often limited because of great
ariability between studies in patient selection. Indeed, re-
perations on the aortic root and ascending aorta include a
arge spectrum of clinical situations that can be classified
ccording to the type of prior operation, the indication for
eoperation, and the type of procedure performed at reop-
ration. All of these variables have important implications
n the perioperative management and operative strategy.
hus some studies have included patients undergoing any
ype of proximal aortic procedure, irrespective of the type of
ardiac procedure performed previously,6-9 whereas others
ave included only those patients who had a previous prox-
mal aortic procedure.10 On the other hand, some groups
ave focused their studies on patients undergoing total
RR, either after any type of previous cardiac procedure5,11
r only after previous total ARR.12-14 In the latter case, the
eries are often limited by their very small patient num-
ers.12,13 Finally, some studies have included patients un-
ABLE 9. Causes of death (n  17)
ause of death Early Late
ardiac 8 3
eptic shock (PVE, mediastinitis) 2 —
uicide — 1
ubsequent descending thoracic aorta
replacement
— 2
nknown — 1
otal 10 7
VE, Prosthetic valve endocarditis.ergoing any type of proximal aortic reoperation but for a s
06 The Journal of Thoracic and Cardiovascular Surgery ● Marcpecific indication, such as false aneusysm15 or prosthetic
alve endocarditis.16 The present study was undertaken to
valuate outcomes and operative risk factors in a relatively
omogeneous patient population undergoing total ARR af-
er previous surgical intervention on the aortic valve, aortic
oot, and/or ascending aorta.
In our experience this type of procedure carries a high
ostoperative morbidity and mortality. As stated above,
omparison with other series is difficult. However, when
onsidering only reports dealing with total ARR after pre-
ious cardiac surgery, operative mortality varies from 7%11
o 28%.5 A similar discrepancy can also be noted between
tudies evaluating perioperative risk factors for hospital
ortality after total ARR. Thus some authors have noted
hat prior cardiac surgery is a significant risk factor for
perative mortality after total ARR on univariate17 or mul-
ivariate analysis.18 In contrast, several other studies have
hown that prior cardiac operation does not significantly
nfluence early outcome after total ARR.19-23
David and colleagues11 have reported that increasing
atient age and preoperative New York Heart Association
unctional class IV were the only 2 independent risk factors
or death in a series of 165 patients undergoing total ARR
fter previous cardiac surgery. In a similar but much smaller
eries of 32 patients, Vallely and associates5 have observed
hat emergency presentation had a very poor postoperative
rognosis. In the present study no patient-related factors
ere identified as significant risk factors for hospital mor-
ality. Interestingly, preoperative active prosthetic valve in-
ection, graft infection, or both and reoperation for false
neurysm or redissection or postoperative dissection did not
nfluence early outcome. However, this finding might be
elated to the small number of patients in each patient group.
n contrast, procedure-related factors, such as emergency
rocedure, prolonged CPB, aortic crossclamp times, and the
eed for unplanned CABG, were found to significantly
nfluence early outcome on univariate analysis. However,
ogistic regression identified the need for unplanned CABG
s the sole independent risk factor for hospital mortality.
hus the need for unplanned CABG appeared to affect
atient outcome adversely independently of prolonged op-
rative times. One explanation might be inadequate myo-
ardial protection in these patients. Indeed, severe involve-
ent of coronary ostia by disease processes, such as false
neurysm, aortic root dissection, or endocarditis, might
ompromise homogenous distribution of antegrade cardio-
legia. However, we found no significant differences in
eak postoperative levels of troponin I between these pa-
ient groups. Byrne and coworkers24 have stressed the im-
ortance of retrograde cardioplegia in this setting and have
hown that the failure to use retrograde cardioplegia in
atients undergoing total ARR with concomitant CABG is a
ignificant risk factor for operative mortality. The advent of
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A
CDew noninvasive computed tomographic and magnetic res-
nance coronary imaging techniques might facilitate the
reoperative identification of significant coronary ostial in-
olvement and allow us to tailor the myocardial protection
trategy to each situation.
Unplanned CABG was performed either because coro-
ary ostia reimplantation was deemed impossible, because
f suspected coronary malperfusion after aortic unclamping
s a consequence of technical error in coronary button
nastomosis or unrecognized coronary artery disease, or
oth. The need for unplanned CABG occurred with an
ncidence of 25% in the present experience. This is much
igher than the reported incidence of 6% cited by Vallely
nd associates,5 despite a similar proportion of reoperations
erformed because of postoperative dissection or false an-
urysm. In some of our patients, intraoperative observation
f macroscopically necrotic tissues suggested that the use of
elatin-resorcinol-formalin glue at the first operation might
ave contributed to the extent of the pathologic process.
ndeed, several recent reports have raised concerns about
he toxic effects of the gelatin-resorcinol-formalin glue,25,26
hich could favor the occurrence of postoperative dissec-
ion or false aneurysm and compromise coronary ostia re-
mplantation at reoperation.
Thus coronary reimplantation remains a major concern
hen performing reoperative total ARR. In some patients
irect coronary button reimplantion is not feasible because
f widely separated coronary ostia or because of complete
estruction of the coronary ostia by the disease process
false aneurysm, dissection, and endocarditis). When coro-
ary ostia reimplantation is not feasible, several surgical
ptions are available. In 1978, Cabrol and colleagues27
odified the original technique described by Bentall and De
ono by introducing a second smaller tube graft interposed
etween both coronary ostia and anastomized side-to-side to
he composite valve conduit. Others have described the use
f expanded polytetraethylene28 or Dacron interposition
rafts.29 Although these techniques are certainly useful for
he management of widely separated coronary ostia during
RR, these techniques are not applicable when the coronary
stia are destroyed by the disease process and the distal
nastomosis has to be performed on the proximal main stem
r the proximal right coronary artery (Figure 1). In this
etting the size mismatch and the friability of the coronary
rteries do not allow a safe prosthetic graft-to-coronary
nastomosis. Therefore we favor the use of saphenous in-
erposition grafting or conventional CABG with proximal
oronary artery ligation,30,31 although the former exposes to
raft kinking, the latter to the inconveniences of retrograde
oronary flow, and both to late graft atherosclerosis. Our
ata do not allow us to support one or the other technique.
owever, we believe that in these complex patients, the
The Journal of Thoracicechnique that allows the most expedient and safe repair
hould be preferred.
onclusion
RR after previous operations on the aortic valve, aortic
oot, or ascending aorta remains a major surgical challenge
ith high postoperative mortality. The need for unexpected
ABG to achieve coronary perfusion appears as a major risk
actor for hospital death. The optimal technique for coronary
econstruction in this setting remains to be debated.
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